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A traffic accident has been defined as "a failure of Che road-ear
-
driver system to perform one or more operations necessary for completing
a trip without damage or injury. ... It is also believed that the
necessary and sufficient cause of an accident is a combination of simul-
taneous end sequential factors, each of which is necessary but none of
which is by itself sufficient. "(3)
Ihe first recorded traffic fatality occurred in Blew ¥ork City in
September, 1899, when a man was hit by an automobile while helping a
woman off a streetcar. (4) Since that event the number of traffic deaths
each year has reached epidemic conditions. However, one should not look
only at the spectacular fatal accident because the factors which cause
any accident are similar to those for fatal accidents, especially in
urban areas where speeds are slower.
In the past such of accident research has been concentrated on rural
accidents because a large percentage of fatal accidents occur on rural
highways where higher speeds increase the severity. Nevertheless, a
majority of all non-fatal injury collisions happen in urban areas where
about one-half of the total vehicle miles are driven annually. It seems
apparent that much accident research is also needed in urban areas,
especially with the multitude am magnitude of urban areas forecast for
the future.
Most current highway activity in urban areas is focused on the
development of freeways and expressways, while the important role of
other major urban streets as arterial highways is often forgotten.
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By necessity the main function of these urban arterials is the move-
ment of traffic; and as a result, speeds and volumes are usually higher
on this type of facility than on the average urban street. On the other
hand, many of these arterial streets also serve an access function for
abutting property. The resulting intersectional and roadside conflicts
reduce capacity and increase congestion. These conflicts have been
found to be a catalyst for urban accidents and point to a proven method
of accident prevention, the control of access. (1) (3) <9)
The Bureau of Public Roads has been analyzing data on this subject
for several years. Its findings were summarized in "The Federal Sole in
Highway Safety" as follows? (5)
"Full control of access whereby entrance and exit movements to
and from the through- traffic lanes are limited to designated
points where these maneuvers can be performed safely has been
the most important single factor in accident reduction ever
developed. Accident and fatality rates on fully controlled
access highways have been only one-third to one-half as great
as those on highways with no control of access. This is not
due wholly to the control of access feature but to grade separa-
tion of intersections, provisions of separate roadways for op-
posing directions of traffic, and the other design refinements
customarily employed in conjunction with access control."
Figure 1 shows some significant results froa available data.
Because of the dual function of most urban arterials, control of
access is not practical on all of th&m and improvements in highway safety




































FIGURE I - EFFECT OF C N TR0L OF ACC ES S
ON ACCIDENTS AND FATALITIES
IN URBAN AREAS
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accidents are to be reduced. These improvements may be in such areas
as signing, parking controls, traffic signal installations, street mark-
ings, sad lightingo
Indiana had over 113,000 urban accidents in 1965 which included
26,966 non-fatal injury accidents and 386 fatal collisions. (6> Table 1
shews that the annual total of urban accidents has been increasing each
year since 1961. With the higher volusas and speeds on the urban arterial
street, a majority of these urban accidents probably occur on this system
and it appears that little is being done to effectively curtail this in-
creasing trend.
One of the reasons for this increasing trend in urban accidents in
Indiana is the ever growing number of vehicle registrations. More
vehicles (Figure 2) are being driven store ©lies (Figure 3) vhieh lends
to congestion and greater potentials for accidents.
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FIGURE 3 - MILES DRIVEN IN INDIANA
(SOURCE INDIANA TRAFFIC CRASH FACTS)
she ssesir lccasxobs
Oae-huKdred sections of urban arteriais, varying in length froa
0,254 of s mile £0 4.167 miles, were analyzed in this study. Sixty-eight
of these sections were located in urban areas within a fifty ail© radius
of Lafayette, Indiana, with the rssaining thirty- £wo sections selected
in Indianapolis, Indians. The location of each city relative to
Lafayette, each with one or store sites, is shown in Figure 4. Most of
the sections were chosen on urban extensions of state highways because
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FIGURE 4 - STUDY LOCATIONS
- 10 -
DATA C0LLECTI0H
The method of investigation used ia this study consisted of obtain-
ing and analyzing a large amount of pertinent accident data. It was
believed that an informative pattern of accident occurrence would result
on the large number of sections chosen. This is basically the same pro-
cedure used in the Michigan Strcdy of the late 1940*8.(8)
At least three trips were made to each study location. The purpose
of the trips were:
1. To obtain saps of each city and tasks an initial survey.
2. To establish definite section boundaries and collect pertinent
infonasfciou such as section length, number of intersections,
number of driveways, parking conditions, width of street, etc.
3. To note relative traffic volumes and to assign a light,
medium, or heavy volume rating te each friction point. A
friction point was defined as any point where conflict to
the traffic flow might occur. For example, a four-leg inter-
section comprised £wo friction points to the arterial but a
three- leg intersection was one friction point.
A fourth trip was made to those sections which had a significant
change ia the number of accidents during tha three stody years in order
to determine if there had been any definite cause or causes which might
explain the variability ia the yearly number of accidents.
The independent variables on which data were collected and that were
analysed for their effects on the accident rate are shown in Table 2.
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TASL& 2c Independent Variable
a
Bumber Variable Description
1 Volume (ADY) on the Arterial in Thousands of Vehicles
2 Bomber of Intersections per mile
3 JSuffiber of Heavy Volmsm Intersections per Mle (Intersections with
Arterial Streets)
4 Slumber of Medium Volume Intersections per mile (All Cross Streets
Except Arterialc and Low Volume Local)
5 Huaber of Traffic Signals per Mile
6 liumber of Driveways per Mile
7 Somber of Commercial Driveways per Mile
8 Bumber of Medium and Heavy Volume Commercial Driveways per Kile
(Rated on Bssis of Commercial Activity)
5 Hutaber of Light Volume Coesaercial and Residential Driveways per Mile
10 Number of Friction Points per Mile
11 Street ftldth (in feet)
12 Slumber of Moving Lanes
13 Posted Cpeed Limit
14 Quality of Signing CO, 1,2) -Spoor, fair, good)
15 Quality of Street Markings ([0,1,2) (poor, fair, good)
16 Parking Allowed on One Side Only (0,1) (none or on one side)
17 Parking Allowed on Two Sides {0,1) (none or on two sides)
18 Intersectional Street Lighting Only (0,1) (none or intersectional)
19 Continuous Street Lighting (0,1) (none or continuous)
20 Quality of Street Lighting (0,1,2) (poor, fair, good)
21 Number of Four-way Intersections per Mile
22 One-way Street Operation (1,0) (one way, two-way)
23 Humber c-f Three-way Intersections per Mile
24 Urban Design of Pavement Cress-Section {0,1) ((curbed, uncurbed)
25 Number of Yellow Flsaherg per Mile




The traffic volume data for arterial sections not in Indianapolis
were obtained from the Indiana State Highway Commission, Division of
Planning, who (sake periodic volume counts on every urban extension in the
state highway system.
Several traffic volume counts were usually available for each sec-
tion. Every one of these counts was updated aad. converted to a 1964
AST (the midyear of the accident data). So obtain an estimate of the
average volume on any particular section, the 1964 volumes at each of the
several locations on the arterial were noted and e representative value
for the average volume on the arterial was chosen. This was not too
difficult as each section was selected on the basis of having similar
volumes and characteristics throughout its length.
The volume data for ths sections in the Indianapolis area, Marion
County, were acquired through the Bureau of Traffic Engineering for
Indianapolis. lite data received were ths 1964 volume counts used by the
Indianapolis Regions! Transportation and Development Study. Thirty-two
sections, with en ASS range from 7,000 to 32,000, were selected in




Two forms of aceIdeas rates were used as dependent variables in this
study to determine »hieh one correlated better with tbe given independent
variables and to see if the same independent variables were important for
both forms. The dependent variables were expressed as the number of
accidents per 100 million vehicle miles $g > and the number of accidents
per mile (¥«)• An expression of the accident rate as an exposure rate
(7.) was chosen in hope that the volume factor would be minimised as much
as possible so that the effect of other factors subject to possible cor-
rective action would be ma&iraised. The Traffic Engineering Handbook sug-
gests that .the accident involvement rate be expressed as accidents per _.„
100 million vehicle miles so this form was selected to be one of the
dependent variables. (3) The other dependent variable, the number of
accidents per mile (¥«)* W£ s selected because it expresses accident rate
in a manner that is easily understood.
Maltiplc Linear Regression
The ta?enty-sis Independent variables used in this research were
analyzed by multiple linear regression to develop equations which would
predict both the number of accidents per 100 million vehicle miles and
the annuel number of accidents per mile for four combinations of the
study sections.
The computer program essployed fog? the multiple linear regression
analysis was HM?, or a "tear-down" regression process, which is a least
square technique. The program deck was acquired through the Purdue
University Statistical Laboratory Library Program.
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This program was used to develop separate equations for the two
dependent variables, accidents per 100 saillion vehicle miles and annual
accidents per mile using the twenty-sis independent variables shorn in
Table 2.
Almost all of the regression equations thus developed for estimating
accidents per 100 million vehicle miles explained less than fifty percent
of the variability in such accident rate on the sections of highway in
the study. Furthermore the resulting equations were often illogical and
contradictory. It was apparent that l^ortant factors other than those
analyzed in this research were involved. As a consequence the regression
equations developed for accidents per 100 million vehicle miles are not
reported here.
The regression equations which were developed for annual accidents
per mile, however „ explained greater than fifty percent of the variability
in number of accidents on the study sections Cup to as much as 79 percent).
She resulting simplified regression equations for estimating the annual
number of accidents per mile on urban arteriels are me follows
s
1. Using data from all 100 study sections
Y - -0*261 -3- 1.25SX. + 3.908X, -I- 6.086X-
where
Y » Slumber of accidents per mile annually
X," Volume CAD?) on the section in thousands of vehicles
X.° number of heavy volume intersections per mile





2. Using data fro® the 35 low volume sections (ABE between 1200
and 5800)
Y - 3.789 + 0.252X- + 10.032X,^
where
X = Huajber of heavy end medium volume commercial drives
per mile




3. Using data from the 32 high volume sections in Indianapolis




X » Rumber of heavy voltsse intersections per mile





4. Using data from the 68 two- lane sections





X.= Volume CAST) en the section in thousands of vehicles
1





As an additional method of analysis sections with
approximately the same volume but with divergent accident
rates were compared in a case study approach in order tc
determine any differences in characteristics which might
help to explain the variability in the accident rates.
In line with this technique, pairs of sections with
relatively the same accident rates were analyzed tc see
what similarities these sections possessed.
Case Study No. 1
This was a comparison between study sections 1 and 2,
Section 1 was Cherry Lane in West Lafayette, Indiana, and
section 2 was State Route 1? through Galveston, Indiana.
Both of these sections were two-lane facilities carrying









3-way intersect icns/mile 4 4
4-way intersections/mile 9
Driveways/mile 19 40
Residential drives/mile 1 _/ 27
Commercial drives/mile 2 13
Friction Points/mile 23 78
This particular comparison appears to indicate that
accident rate increases when the number of intersections
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increase and/or the roadside development becomes more
intense. It should be noted, however, that these sections
were in the very low volume range and that a previous study
by Head gave a strong indication that accident rates on
low volume roads did net have a strong relationship with
any roadside feature. (11)
Case Study No. 2
This was a comparison between study sections 20 and 22,
Section 20 was State Route IS, Columbia Street, through
Flora, Indiana; and Section 22 was U.S. 136, Washington
St., in Way net own, Indiana. Eoth sections were two lane

















These two sections had approximately the same accident
rates and both were extensions of state highways in small















had parking on both sides and more residential driveways.
The fact that the accident rates did not differ significantly
even though the parking conditions were dissimilar might
be an indication that parking on one or two sides has
similar affects on the accident potential for low volume
arter ials
.
Case Study No. 3
This was a comparison between study sections 40 and 43.
Section 40 was located on Main Street in Delphi, Indiana?































Both sections were two lane facilities with approximately
the same volumes. The data clearly showed that these two
sections differed greatly in the type of development
along them and in the number and type of intersections.
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The high accident rate section had more commercial develop-
ment and more intersections, especially four-way intersec-
tions. Parking was allowed on section 40 while the opposite
was true on the low accident section. The over-all etfect
of more friction points, creating a higher accident potential
c n the one see*: ion, together witv > marking on both sides
appears to be the reasons for the divergence in the accident
rates.
Case Study No. 4
This was a comparison between study sections 46 and 47.
Sectic i 46 was on South East Street in Indianapolis, Indiana:



































Both sections were two-lane facilities, carrying
roughly 7 000 vehicles per day. Section 47 was the safer
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of the two sections even though it had more friction
points per mile. This was justified by the fact that the
majority of the friction points on section 47 were driveways
while section 46 had over three times as many intersections
per mile and some traffic signal installations. Also,
parking was permitted on both sides of section 46 while it
was prohibited on the other. All cf these factors on
section 46 led to more congestion and a decrease in the
freedom cf flow, which are characteristics of traffic flow
usually associated with accidents.
Case Study No. 5
This was a comparison between study sections 64 and 66.































By looking at the data it seems obvious why these two
bi-
sections had low accident rates. Both sections were located
in primarily residential development with no parking allowed:
both had an above average number of intersections per mile,
but over seventy-five percent of those intersections had
relatively light cross traffic and were three-way intersec-
tions? and both sections did not contain a traffic signal.
It is concluded that this combination of factors
provides for one of the "safest" urban arterials. It
reduces stop-and-go maneuvers, turning and parking movements,
and cross traffic which are factors that increase the
accident potential of an urban arterial.
Case Study No. 6
This was a comparison between study sections 67 and 69.
Section 67 was a segment of 4th street in Lafayette, Indiana;
and section. 69 was on 30th street in Indianapolis, Indiana.





























2 sides 2 sides
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The only major differences between these two sections
were in the type of roadside development and in the number
of traffic signals per mile. Both sections had a thirty-
six foot pavement with parking on both sides and both had
approximately the same number of intersections per mile.
It did not seem feasible that the slightly higher volume on
section 69, 12,300 as compared to 11,400, would result in an
accident rate that was three times higher. The final
conclusion was that accident rates were higher where primarily
commercial development existed, as opposed to residential
development, and where there were more traffic signals per
mile .
Case Study No. 7
This was a comparison between study sections n 7 and 76.
Section 72 was a portion of Markland Street in Kokorro,
Indiana; and section 76 was located on Washington Street also
in Kokomo. Both of these sections were four-lane facilities


































These two sections had very high accident rates and
were very similar in many ways. Both were primarily in
commercial areas, with many intersections and traffic
signals per mile. Although section 72 has less commercial
driveways, this was compensated by the fact that several
heavy traffic generators, s_ch as four drive-in restaurants,
were located on this 1.2 mile section. Section 72 was also
six feet narrower than section 7 6 which resulted in less
maneuverability to the motorists trying to get around a
waiting left-turning vehicle. These two sections seem to
have all characteristics except parking which were found
to be associated with accidents.
Case Study No. 8
This was a comparison hetween study sections 76 and
78. Section 76 was on Washington Street in Kokomo,



































to total driveways 85 3
Both of these sections were four lane facilities,
carrying approximately 15,000 vehicles per day, and both
were highly developed. The main differences between these
twc sections were the number of four vay intersections per
mile, the number of traffic signals per mile, and the type
of roadside development. Section 76 had a higher number
of four-way intersections per mile plus more traffic
signals per mile to go along with many high volume commercial
access points. Section 78 was primarily in a residential
area with very few high volume friction points. For this
particular case it seems evident that accident rates
increased as the number of commercial driveways per mile
increased, the number of four-way intersections per mile
increased, and the number of traffic signals per mile
increased.
-25
Case Study No. 9
This was a comparison between study sections 77 and 53.
Section 77 was a segment of the U.S. 52 By-pass in Lafayette,
Indiana; section 83 was located on Massachusetts Avenue in
Indianapolis, Indiana. Both sections were two lane
facilities situated primarily in a suburban environment.
Varia'. les
Volv me







Dr iveways/m i le
Residential drives/mile
Comme rcial drives /rr i le



















These sections had low accident rates in comparison
with other sections. This fact was attributed to the lack.
of development along both of these sections. Section 77
had only two intersections per mile, seven iriveways per
mile, and an insignificant total of eleven frictions points
per mile. Section 83 had a higher ADT, but a lower
accident rate even thouqh this section, had more intersections
per mile and more driveways per mile. It was noted that
these intersections were all three-way intersections and
the commercial driveways served very light traffic
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generators. The freedom of flow on section 83 was further
enhanced by the presence of a railroad which paralleled the
route on one side and served as an access control. This
case study further demonstrates the effect of access
control as a safety device.
Case Study No. 10
This was a comparison between study sections 84 and 87,
where both were four-lane divided facilities. Section 84
was the south half of the U.S. 31 By-pass around Kokomo,
Indiana; and section 87 was located on Kentucky Avenue,

















Both of these sections were four-lane divided highways
From the variables it would appear that these two sections
should have had aboat the same accident rate, but section















One possible reason for this significant variance
in accident rates might be the difference in roadside
development between the sections. Section 87 had a railroad
running parallel to it on one side for the entire length
of the section. This caused all the development to be on
one side, resulting in the absence of conflicting across-
the-road access points. On section 84 there were also
several large industries which caused major rush-hour
congestion and many short distance trips and turning move-
ments on the route. Or the other hand, section 87 was
a diagonal arterial leading from the southwest section of
Indianapolis to the downtown circle. It appeared that
most of this traffic made very few turning movements within
the section.
Another possible reason for the higher accident
rate on section 84 might be the higher percentage of through
traffic using this facility.
Case Study No. 11
This was a comparison between study sections 92 and
93. Section 92 was established on East Washington Street
in Indianapolis, Indiana • and section 93 was located on
West Washington Street also in Indianapolis. Both sections
were four lane undivided facilities, which carried
































These two sections made an interesting comparison.
Section 9 3 on West Washington Street had about two and
one-half times as many commercial driveways which had been
shown to result in a higher accident rate. However, the
situation was altered because of at least twenty to twenty-
five foot gravel shoulders along section 93. This extra
wide shoulder permitted the driver to park diagonally in
front of a commercial establishment and yet not interfere
with traffic in the moving lanes when he was parking or
leaving. It is felt that this did not constitute an
actual parking movement since the driver had so much space
to maneuver. On the other hand, curb parking was permitted
on section 92. These shoulders also gave the driver very
good sight distance and a feeling of freedom which was
noticeably missing on section 92.
Another important factor which could have caused
29-
a lower accident rate on section 93 was the type of
intersections. Both sections had relatively the same
number of intersections, but those intersections on section
93 were mostly three-way intersections carrying very light
volumes
.
Section 92, had double the number of traffic signals
per mile. From previous case studies and other analysis
performed in this research., this factor also seems to be
significant.
Case Study No. 12
This was a comparison between study sections 46 and 84.
Section 46 was located on South East Street in Indianapolis,
Indiana; and section 84 was a segment of the U.S. 31
by-pass around Kokomo, Indiana. Both sections had the
same number of accidents per mile but the volume on section






























There appears to be many reasons why the number of
accidents per mile were the same for these two sections,
even though they carried different volumes. Section 46
had the lower volume, but it had more intersections per
mile, more traffic signals per mile, and parking allowed
on both sides. Also, section 46 was a two lane facility
while section 84 was a four-lane divided route.
Case Study No. 13
This was a comparison between study sections 17 and 83,
Section 17 was Division Street, U.S. 24, through Remington,
Indiana; and section 83 was a portion of Massachusetts
Avenue in Indianapolis, Indiana. Both sections were two-


























From the variance in volumes it does not seem possible
that these sections had the same number of accidents per
mile. This phenomenon was attributed to the fact that
section 17 had more intersections per mile, more four-way
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intersections per mile, more driveways per mile, and more
total friction points per mile. It was also noted that the
friction points that were located on section 83 served
very light traffic generators.
Case Study No. 14
This was a comparison between study section 91 and
94. Section dl was on North Meridian Street in Indianapolis,



















Even though parking was allowed on section 91, the
accident rates for these two sections were similar. The
effect of parking on the accident rate was minimized on
section 91 because of the wide pavement width which offered
the driver added freedom. Except for the parking control,

















was reflected 1 in their similar accident rates, which were
average rates in this study.
Case Study No. 15
This was a comparison between study sections 36 and 38,
Section 36 was on State Route 32 East in Lebanon, Indiana;
an3 section 38 was located on Sycamore Street in Kokomo,
Indiana. Both sections were two-lane facilities, with
parking on one side only? and both possessed high accident















Section 38 had more intersections per mile and more
driveways per mile, but most of the driveways were residential
driveways. On the other hand, section 36 had more highly
used commercial driveways per mile which compensated the
extra intersections on section 38. Both sections had high















The following conclusions concerning traffic accidents on the urban
arterial street system in Indiana summarise the findings of this research*
1. Where one or more of the following conditions occur, traffic
accidents per mile on urban srterials will most likely
decreases
a. Parking is eliminated.
b. The number of traffic signals per mile is reduced
„
c « ^he number of high volume intersections per mile
is reduced.
d. Traffic volume is reduced,
e. The number of heavily used driveways is reduced,
f
.
The nui£i>er of friction points per mile - sum of
the number of approaches to the arterial, inter-
sections find driveways - is reduced.
g. The quality of signing and pevessent markings is
improved,
2. Traffic accidents per 100 million vehicle miles, an exposure
rate, also will most likely decrease, where one or more of
the conditions given above, except that of traffic volume
reduction, occur.
3. This research substantiates the iiaportanee of control of
access as an accident reduction tool. The dual purpose of
many urban arterials to move traffic and to serve an access
function for abutting property makes control of access im-
practical for many of this type facility. However, every
effort to minimize the number of access points or friction
points on such facilities should be attempted.
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4. Intersections cr esajor driveways are the usual sites of most
accidents on urban arterisls. Those intersections with four
approaches typically are the sites of many more accidents than
intersections with three approaches.
5o The multiple linear regression equations developed to predict
accidents per csile should he useful in evaluating possible
safety benefits from proposed design and control changes.
- 35 -
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